To investigate the effect of the application of rice husk (RH) and rice husk charcoal (RHC) on soil properties and rice production, pot experiment comprising of five treatments was conducted. Soil was mixed at the rate of 0 (control), 2% and 4% (w/w) with RH and RHC, respectively with randomized complete block design (RCBD). RHC incorporation had a potential to reduce the acidity of the soil, whereas, RH incorporation had almost no effect on the pH of the soil. RH and RHC amendment both increased the saturated hydraulic conductivity, saturated water content, plant available water and field capacity but decreased the bulk density of soil. Crop growth components at harvest revealed that the highest plant height was recorded in RH4%. However, for the panicle length, panicle weight and number of tillers, the highest value was found in RHC2%, 14.2 cm, 4.0 g and 28.8 cm, respectively. Furthermore, number of panicle, 1000-grains weight and grain yield were also found highest in RHC2%, 22.4 g and 4.41 t/ha, respectively. However, for the number of grain per panicle and percentage of filled grain, the highest value was found in RH4%, 79.0 and 88.5, respectively. The grain yield increased by 38%, 28%, 18% and 22% and the biological yield increased by 27%, 18%, 14%, and 16% for RHC2%, RHC4%, RH2%, and RH4%, respectively, compared to that of the control; however, the significant difference was found only for RHC2% for both. The harvest index increased under all application rates of RH and RHC compared to that of control.
Introduction
Rice (Oryza sativa L.) is one of popular crop and staple food for more than half of the world's population. The yield of rice needs to annually increase by more than 1.2% to meet the rising food demand due to global rise in population and economic development [1] . On the other hand, soil organic matter (SOM) is being depleted daily, which affects the soil quality and fertility, and has become one of the major threats to agricultural productivity [2] . The soil organic matter in soil can be increased by adding plant residues such as rice husk (RH), composts, and also by adding biochar to the soil. RH is the hard dry shell that protects the outermost layer of the rice kernel [3] , usually removed during the milling process, and is a by-product obtained from rice production [4] . About 770 million tons of rice husks are produced annually in Asia. In Japan only, more than 1.8 million tons per year of rice husks are produced [5] . Thus, the immense amount of annually produced RH needs to be effectively managed. One way to accomplish this is by directly incorporating RH into the paddy field and thereby increasing the soil organic matter. In addition, it can be converted to Rice Husk Charcoal (RHC) and then applied to the field. Application of RH or RHC to crop field not only improves the physical or chemical properties of soil but also resolve the waste disposal problem. Nowadays, RHC is receiving more interest because of its potential for carbon sequestration, and its ability for improving soil fertility and increasing crop production [6] . Biochar is a carbon rich compound produced by the pyrolysis of biomass in a limited oxygen environment.
Application of biochar to soil not only improves soil fertility [7] , but also increases water and nutrient retention [8] .
RH and RHC also improve the soil condition and crop production by improving soil chemical characteristics [9] [10] . The addition of RHC to the soil was found to increase the soil pH, available phosphorus (P), soil porosity, Plant Available Water (PAW), and also increase the exchangeable potassium (K) and magnesium (Mg). Similarly, RH contains a high content of silicon and potassium nutrients. These properties indicate RH has great potential to be used as a soil amendment [11] . Moreover, [12] reported that RH could be used as a soil amendment, particularly, for improving soil physical properties by improving the porosity of soil. It is reported that RH and RHC addition to paddy soil, increases the rice production [10] [13] [14] [15] . The results of biochar application to soil on crop production and soil physical properties is diverse and it depends on various factors such as application rate, feedstock used, pyrolysis temperature, crop type and soil type used [16] . Furthermore, the information on the use of RHC and RH application to rice crop and its effect on soil physical properties and rice production are still limited. It is also important to find the optimum application rate of RH and RHC for higher yield and improved soil physical properties. Hence, this study was conducted with the following two objectives 1) to qualify the effect of RH and RHC on soil properties and 2) to know the effect 
Materials and Methods

Experiment Procedures
The pot experiment was conducted from May to September, 2014 at Kyushu University's Kaizuka Field, Fukuoka, Japan (33˚37'37.8''N; 130˚25'31.3''E). Topsoil for this experiment (0 -20 cm) was collected from a paddy field at the Kyushu University's Kasuyama-Machi farm, Fukuoka, Japan (33˚37'00''N; 130˚28'00''E).
It was air dried and passed through 4-mm sieve before filling into pots. The size of pots were 70 × 40 × 25 cm (L × W × H). Commercial RH and RHC were used for this experiment. The application rate of RH and RHC were (2% and 4% w/w, respectively), hereafter, mentioned as RH2%, RH4%, RHC2% and RHC4%, respectively. The control pot had no amendments. The pots were arranged in a randomized complete block design (RCBD) with three replications. N: P: K
(1:2:1) fertilizer was applied to ensure the sufficient nutrient supply during the experiment. The fertilizer was divided into three doses. 40 g per pot of fertilizer was applied before transplanting, 20 g was applied at the tillering stage, and finally 20 g was applied at the panicle initiation stage. The Rice (Oryza sativa),
Yuki Hikari variety was used as the test crop. The Yuki Hikari was released in 1981 in Hokkaido, Japan and was derived from the progeny of crossed between
Hokkaido landraces [17] . Eight hills per pot and one seedling of twenty-one days per hill were transplanted. All treatments received equal amount of water during this experiment.
Characterization of Rice Husk and Rice Husk Charcoal
Proximate and ultimate analysis such as moisture, volatile matter, fixed carbon [18] for RH and RHC were analyzed. The samples were oven dried at 110˚C for 24 hours, and crushed in a mortar and pestle to fine powder and were sieved for characterization. The sieved samples were kept in a covered ceramic crucible and were put inside a muffle furnace at 900˚C for 6 minutes for determination of the volatile matter. The samples were ignited at 600˚C for 6 hours in muffle furnace for determination of ash content. Elemental C and N were analyzed by elemental analyzer (Yanaco CHN corder (MT-5)). The pH and an electrical conductivity (EC) were determined by using a pH meter (HORIBA LAQUAtwin B-712) and electrical conductivity meter (HORIBA LAQUAtwin B-771), respectively with the ratio of soil and water 1:5 (w/v) at standard temperature and pressure. RH and RHC were filled in 100 cm 3 steel cylinder and was compacted manually for the determination of the bulk density. The weight of RH or RHC retained in the cylinder divided by the volume of cylinder, gave the bulk density of RH or RHC.
Cation exchange capacity (CEC) of RHC was determined by using 1 M ammonium acetate (pH 7) method as described by [19] . The surface functional group on RH and RHC were analyzed by Fourier Transformation Infrared Spectros- 
Soil Sampling and Analysis
The collected soil sample was mixed with RH at the rate 0%, 2% and 4% (w/w), likewise, the RHC amended soil was also prepared at the rate of 0%, 2% and 4%
(w/w). The prepared soil samples were filled into a 100 cm 3 steel cylinders manually and were compacted several times for soil physical properties analysis.
The samples were submerged in deionized water for 24 hours until they reached a saturated condition before conducting the experiment of saturated hydraulic conductivity and water retention with three replications. The particle size distribution was determined using the pipette method [20] .
Soil Physical Properties
The saturated hydraulic conductivity (K s ) is the rate of movement of water within the soil. It was measured by the falling head method. The K s value of soil was determined by Darcy's equation [21] .
( )
where K s is the coefficient of permeability, a is the cross-sectional area of the burette, A is the cross-sectional area of the soil column, L is length of soil column and (t 2 − t 1 ) is the time required for the head to drop from H 1 to H 2 .
The water retention data were measured and analyzed by using the RETC software based on Van Gennuchten's soil water retention model (1980) by the following equation [22] .
where, θ is the soil water content (cm The plant available water (PAW) is the portion of water that can be efficiently utilized by the plant. PAW was calculated as the difference between volumetric water content at the field capacity and the permanent wilting point.
Soil Chemical Properties
The total nitrogen (TN) and total phosphorous (TP) of the soil were analyzed before planting and after harvest. The measurement of TN was determined by the indophenol method [23] and TP by the ascorbic method [24] . Each sample was digested with H 2 SO 4 -H 2 O 2 following the Kjeldahl digestion method [25] . All the measurements were repeated three times. 
Crop Growth and Yield Parameters
Among the eight hills, plant growth and yield parameters were observed from the middle four hills of each pot. Observations on plant height (cm), panicle length (cm), number of grains per panicle, the number of filled (%) and unfilled grains (%) of panicles were recorded for each treatment at harvest. The harvested samples were sun dried. Thousand-grain weight was determined by selecting 1000 grains randomly for each treatments and weighing it on a digital balance in grams (g). The grain yield was determined in (t/ha). Straw was oven dried at 70˚C for 72 hours in (t/ha). Biological yield (dry matter) was determined as the sum of grain yield and straw yield (t/ha). The harvest index was determined as the ratio of economic grain yield to biological yield.
Data Analysis
STATISTIX 8 was used for data analysis (Analytical Software, Tallahassee, FL, USA) [26] . Analysis of Variance (ANOVA) was used to verify the statistical difference between the treatments at P < 0.05. The means were compared by using Tukey's HSD test at P < 0.05.
Results
Characterization of RH, RHC, and the Soil
The proximate analyses of the RH and RHC such as: moisture content, ash content, volatile matter, and fixed carbon are presented in Table 1 . The volatile Table 1 ). The soil used in this study had total C and N contents of 2% and 0.2%, respectively, with a C/N ratio of 11.6. The total C, total N and C: N ratio of RHC were 40.1%, 0.5% and 87.2%, respectively. The pH of RHC was higher compared to that of RH and soil. Both soil and RH were slightly acidic in nature. The CEC value for RHC was higher compared to the soil. The surface area of RH was much lower than that of RHC. Total Nitrogen (TN) for RH and RHC was higher to that of soil (1.34 g/kg), whereas, the Total Phosphorus (TP) value was found higher than the soil only in RHC ( Table 1 ). The bulk density of RHC was almost twice to that of RH.
FTIR analysis of RH and RHC samples for surface functional groups are presented in Figure 1 
Soil Texture
The soil used for this experiment contains 47.4% clay, 23.5% silt and 29.1% sand, respectively, according to the Japanese Industrial Standard [27] . The soil texture was classified as clayey soil.
The Effect of RH and RHC on Soil Physical Properties
Saturated Hydraulic Conductivity and Bulk Density
The application of RH and RHC to soil increased the saturated hydraulic conductivity (Ks) (Figure 2) . The higher the application rates of RH or RHC, higher the value of Ks compared to that of control. However, significant difference was only found in RH4% (p < 0.05). RH and RHC both have the potential to decrease the bulk density ( Figure 3 ). The bulk density of soil under various application rates ranges from 1.19 to 0.98 g/cm 3 . The bulk density was decreased by 7%, 14%, 11% and 21% for RHC2%, RHC4%, RH2% and RH4%, respectively compared to that of the control. The bulk density was significantly decreased at p < 0.05 for all application rates of RH and RHC compared to that of the control. 
Water Retention Characteristics
The water retention characteristics of soil under different application rate of RH and RHC are shown in Figure 4 . The RH and RHC amended soils differed in α, a fitting parameter associated with the Van Genuchten equation (Table 2 ). The value of α increased with the increase in application rates of RH and RHC. Similarly, the value of n fitting parameter (representing the steepness of the retention curve) for RHC2% was found higher than that of RHC4%. However, for RH, the value of n fitting parameter increased with increased in the RH amendment rate.
The values of θ s (saturated water content) and θ r (residual water content) correlated with the application rates of RH and RHC.
Plant Available Water (PAW)
The PAW at different application rates of RH and RHC is shown in Figure 5 .
The all application rates of RH and RHC amendment increased the PAW. It was increased by 8%, 13%, 2%, and 12% for RHC2%, RHC4%, RH2%, and RH4%.
The significant difference (p < 0.05) was not observed for PAW among the treatments.
The Effect of RH and RHC on Soil Chemical Properties
Soil pH
The pH of RH and RHC was higher compared to that of the soil. Figure 6 shows that, the RHC increased the pH of the soil, whereas, RH has almost no effect on soil pH. The pH increased by 0.1 units and 0.2 units for the RHC2% and RHC4%, respectively. The result showed that the pH of the soil was strongly correlated with the application rate of RHC. However, a significant difference was found only for RHC4% compared to control. 
Total Nitrogen (TN)
The TN of the soil at harvest is shown in Figure 7 . The result revealed that the TN value was higher for both RHC application rates, whereas, the TN values were lower for both RH application rates compared to that of the control. The TN content after harvesting ranges from 1.35 g/kg to 1.45 g/kg, and the highest value was found in the application of RHC4% and lowest for RH4%. However, significant difference among the treatments was not found for TN after harvesting.
Total Phosphorus (TP)
The TP of the soil at different application rates of RH and RHC is shown in Figure 8. The value of TP of the soil ranges from 2.20 g/kg to 2.54 g/kg. The highest value of TP was found in RHC4% and the lowest was found in the control.
No significant difference among the treatment was found in this study (p < 0.05).
The Effect of RH and RHC on Crop Growth and Yield Components
The panicle length was found highest in treatment RHC2% followed by RHC4% (Table 3 ). The lowest value was found in the treatment RH4%. However, no significant difference (p ≤ 0.05) was found among the treatments for panicle length in all RHC and RH application rates. The highest plant height was found for the treatment RH4% and the lowest 81.7 (cm) was discovered in the control at harvest (Table 3) . However, a significant difference (p < 0.05) was found only for the treatment RH4% for plant height. The highest tiller number was found in the treatment RHC2% (Table 3 ). The tiller number for RHC4%, RH2%, and RH4%
was lower than that of the control. The lowest value for tiller number was found in RH4%. No significant difference was found among the treatments for number of tiller. The highest number of grains per panicle was realized in RH4%, and lowest in RH2% ( Values followed by the same letter within a column indicates no significant difference at 0.05 level.
percentage of filled grain increased under the application rate of RH2%, RHC4%
and RH4%. The lowest percentage of filled grain was apparent at RH2%, and the highest was attained at RH4% (88.5), and followed by RHC2% (88.0), RHC4%, and the control, respectively (Table 4) . RHC2%, RHC4% and RH4%, had a positive effect to increase the percentage of filled grain. However, the percentage of filled grain was not significantly affected by the application rate of RH or RHC.
The maximum weight 22.4 (g) of 1000-grain was found for RHC2%, and the minimum weight 21.0 (g) was obtained for the control (Table 4 ). The result showed that both RH and RHC application tends to increase the weight of 1000-grain.The result showed RH and RHC application influenced the rice yield (Table 4 ). It ranges from 3.18 to 4.41 t/ha, and the maximum yield was found in RHC2%, and the minimum was observed for the control. It increased by 38%, 28%, 18% and 22% for RHC2%, RHC4%, RH2% and RH4%, respectively, compared to that of the control. However, a significant difference was only observed in RHC2% compared to the control. The biological yield increased under all application rates of RH and RHC compared to that of the control (Figure 9 ). The biological yield ranges from 6.05 to 7.70 t/ha, and the maximum was found at RHC2% and minimum for the control. The biological yield increased by 27%, 18%, 14%, and 16% for RHC2%, RHC4%, RH2%, and RH4%, respectively, compared to that of the control; however, the significant difference was found only for RHC2%. The harvest index increased under all application rates of RH and RHC compared to that of the control (Figure 10 ). The highest harvest index (57.2%) was uncovered at RHC2% and the lowest (52.6%) for the control. The harvest index for RHC2%, RHC4%, RH2% and RH4% increased by 9%, 7%, 3%
and 5%, compared to that of the control. However, a significant difference was not found among the treatments for harvest index.
Discussions
Characterization of Rice Husk and Rice Husk Charcoal
The proximate analysis of RH and RHC indicates RH has more volatile matter and less fixed carbon, whereas, RHC has more fixed carbon but less volatile matter, consistent with [28] . They found that a higher pyrolysis temperature resulted in higher fixed carbon content. At a higher pyrolysis temperature, more volatiles matters are removed, which resulted more fixed carbon in the char par- 
The Effect of RH and RHC on Soil Physical Properties
Various researchers have found that soil with RH and RHC application improves crop productivity by enhancing soil physical properties [4] [10] [31] [34]
[37] [38] . The bulk density of biochar is low but the porosity is high compared to soil, the porous nature of biochar helps to hold more air and water and thereby decreasing the soil bulk density [39] . Due to decrease in bulk density of the amended soils, the water holding capacity of soil was increased and enhance the root development as well as soil microbial activity [9] [40]. The reduction in bulk density by application of RH and RHC was also found in the authors' experiment at all application rates. The bulk density decreased as the porosity of the soil increased. As the porosity of the soil increased, the Ks and PAW of the soil increased. The bulk density and porosity are inversely co-related. The application of RH and RHC amendment to soil decreased the soil compaction. The result is also consistence with the latest studies of [4] who reported that the θ s and the PAW increased for the amended soil with the application of RHC, the PAW increased by 12%, 20%, and 31% under application of RHC 2%, 4%, and 6%.
The Effect of RH and RHC on Crop Growth and Yield Components
The RH and RHC demonstrated positive responses on plant growth and yield components. Similarly, grain yield and biological yield increased for all application rates of RHC and RH compared to that of the control. The increase in the number of tiller in RHC 2% can be due to the extra nutrient available to the plant due to increased water holding capacity of soil [36] [41] . Application of biochar to soil enhances the soil physical properties and also increases the nutrient supply to plant [42] . Due to high surface area of RHC, the adsorption space will be more for water and nutrient retention [43] . The increase in crop and biological yield is possibly due to the increase in hydraulic characteristics, and also biochar's property to retain the plant nutrient due to high CEC and high porosity. The RH and RHC were found to be rich in C and other major plant nutrients in the soil [44] . The result is consistent with the recent study by [9] [45] in which, they reported that the grain yield increased by 12%, 14% and 33% compared to that of the control by the addition of RHC at the application rate of 10 t/ha, 40 t/ha and 41.5 t/ha. Furthermore [43] [45] reported that, the nutrients are more available to plant at a neutral pH which could have increase the yield of crop. The grain yield and biological yield decreased for RHC4%. The possible reason for the decrease in yield may have been due to the high C/N ratio of RHC significantly increased the C/N ratio of the soil, which could have caused to support these assumptions. The grain yield increased by 18% and 22%, and biological yield increased by 14% and 16% under the treatment of RH2% and RH4%, respectively in this study which is consistent with the finding of [15] who found that the application of RH not only improve the soil physical properties but also grain yield and biological yield. The grain yield of rice increased by 10%, 23%, 38%, and 42% in the first year, and by 9%, 21%, 33% and 38% in the second year by the application of RH at the rate of 2.4 t/ha, 4.8 t/ha 7.2 t/ha, and 9.6 t/ha, respectively. In addition, the biological yield increased by 11%, 28%, 37%, and 39% in first year and 8%, 27%, 32% and 33% in second year, respectively.
Conclusion
This study demonstrates some of the beneficial effects of RH and RHC as an organic amendment for sustainable agriculture. Incorporating RH and RHC amendment assisted in modifying and improving soil physical properties. Furthermore, RH and RHC also increased the field capacity and available water because both increase the porosity of the amended soil. Meanwhile, soil bulk density decreased. The application of RHC also increased the pH, and demonstrated the ability to reduce the acidity of the soil, whereas, RH had almost no effect on soil pH of the tested soil. The grain yield increased by 38%, 28%, 18% and 22% and the biological yield increased by 27%, 18%, 14%, and 16% for RHC2%, RHC4%, RH2%, and RH4%, respectively, compared to that of the control; however, the significant difference was found only for RHC2% for both .The harvest index increased under all application rates of RH and RHC compared to that of control. The effects of RHC addition were not proportional to the application rates. Higher rice yield was observed in RHC2%. Reduction in crop yield was found in RHC4%. In contrast, the grain yield and biology yield correlated with the amendment rate of RH. Since the rice yield decreased at RHC4%, but for the RH the yield tended to increase at RH4%. In conclusion, for rice cultivation RHC2% is the proper rate, but there is still a possibility to increase the application rate above 4% for RH to increase rice yield. Long-term field studies are needed to determine the optimum RH and RHC application rates for increasing rice production and improving the soil physical properties.
